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INTRODUCTION 

Under  our  proposal  we  study  the  role  of  the  growth  factor  pleiotrophin  (PTN)  in  breast  cancer. 
We  hypothesize  that  PTN  is  an  essential,  rate-limiting  growth  factor  for  PTN-positive  breast 
cancers.  Our  experiments  planned  are  designed  to  address  this  hypothesis. 

We  were  the  first  laboratory  to  purify  PTN  from  human  cancer  cells  [1].  We  were  also  the  first 
laboratory  to  generate  biologically  active  recombinant  PTN  [2]  and  to  demonstrate  its  potential  role 
as  a  tumor  growth  and  angiogenesis  factor  [2].  Furthermore,  we  showed  its  distinct  expression  in 
human  breast  cancer  samples  [2]  and  published  the  genomic  structure  of  the  human  PTN  gene  first 

[3]. 

We  propose  that  the  secreted  polypeptide  growth  factor  pleiotrophin  (PTN)  plays  a  major  role 
in  the  growth  and  metastasis  of  breast  cancer.  This  hypothesis  is  based  on  the  high  levels  of  PTN 
expression  in  60%  of  tumor  samples  from  breast  cancer  patients  but  not  in  normal  tissues  and  on 
the  biological  effects  of  PTN  in  selected  tumors  models.  In  particular,  the  activity  of  PTN  on 
endothelial  cells  indicates  that  PTN  can  serve  as  a  tumor  angiogenesis  factor  and  its  expression  can 
thus  enhance  the  ability  of  breast  cancer  to  metastasize.In  summary,  our  studies  quoted  above  as 
well  as  the  data  published  by  others  show: 

(1)  PTN  is  a  secreted  growth  factor  expressed  in  a  number  of  human  breast  cancer  cell  lines. 

(2)  PTN  stimulates  endothelial  cells  and  can  act  as  a  tumor  angiogenesis  factor  (others:  [4]). 

(3)  PTN  can  support  tumor  growth  of  non-tumorigenic  SW-13  cells  (others:  [5]. 

(4)  PTN  mRNA  is  upregulated  by  retinoic  acid  treatment  of  a  PTN-positive  breast  cancer  cell 
line. 

(5)  PTN  mRNA  is  found  at  high  levels  in  60%  of  samples  from  patients  with  breast  cancer. 

(6)  PTN  is  not  expressed  in  normal  breast  epithelium  ( 40%  of  the  breast  cancer  samples  were 
negative  for  PTN  inspite  of  the  fact  that  they  obviously  contain  breast  epithelial  tissue). 

OVERVIEW  OF  THE  GOALS: 

In  our  studies,  we  elucidate  the  role  of  PTN  and  the  hormonal  regulation  of  its  activity,  with  the 
ultimate  goal  to  develop  novel  therapeutic  strategies  for  breast  cancer. 

In  particular,  (1)  we  study  to  what  extent  hormonal  regulation  affects  PTN  expression  as  well 
as  PTN-dependent  tumor  growth, 

(2)  investigate  whether  PTN  expression  can  support  hormone-independent  growth  of  breast 
cancer  and  thus  contribute  to  the  resistance  of  tumors  to  treatment  with  anti-hormones, 

(3)  generate  mutant  PTN  protein  that  can  act  as  an  inhibitor  for  wild-type  PTN  and 

(4)  target  PTN  mRNA  with  ribozyme,  antisense  constructs  and  oligonucleotides  to  repress 
production  of  PTN  and  inhibit  breast  cancer  growth  and  metastasis. 


OVERVIEW  OF  METHODS: 

For  goals  (1)  and  (2)  steroid  hormones  and  retinoids  are  used  on  breast  cancer  cells  that  have 
been  transfected  with  a  PTN  expression  vector.  PTN-positive  (goal  1)  and  PTN-negative  (goal  2) 
cell  lines  are  used. 

For  goal  (3)  mutation  analysis  and  assays  for  activity  of  mutant  PTN  are  used. 

For  goal  (4)  different  constructs  blocking  PTN  production  are  used. 
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BODY 

Specific  Aim  (1): 

Function  and  regulation  by  hormones  of  pleiotrophin  (PTN)  in  PTN-positive 
breast  cancer  cells. 

Background: 

Hormones  and  growth  factors  define  the  capacity  of  human  breast  cancer  to  grow  and 
metastasize.  One  of  the  essential  requirements  for  the  development  of  breast  cancer  are  circulating 
steroid  hormones  and  one  of  the  most  widely  used  drug  therapies  of  breast  cancer  with  the  anti¬ 
estrogen  tamoxifen  is  based  on  this  fact.  Furthermore,  growth  factor  gene  expression  can 
supplement  for  hormone  stimulation  and  thus  contribute  to  hormone-independent  cancer  growth  as 
well  as  to  resistance  to  anti-hormone  therapy  (reviewed  e.g.  in  [6]). 

Work  accomplished: 

1.  Hormones  and  PTN  in  PTN-positive  cells: 

We  tested  MDA-MB  231  estrogen-independent  human  breast  cancer  cells  that  are  positive  for 
PTN  for  the  regulation  of  PTN  by  hormones.  All-trans-retinoic  acid  upregulated  after  4  days 
the  level  of  PTN  mRNA  in  these  cells  by  10-fold.  After  24  hours  no  upregulation  was  observed. 
We  tested  the  growth  response  of  PTN-positive  MCF-7/ADR  and  T-47D/CO  cells  to  all-trans 
retinoic  acid  and  found  that  both  cell  lines  are  growth  inhibited  completely  within  4  days  of 
treatment  and  approximately  50%  after  3  days.  We  do  not  yet  have  the  data  on  the  regulation  of 
PTN  in  these  cells  at  earlier  time  points.  These  experiments  are  ongoing. 

The  glucocorticoid  dexamethasone  was  also  used  in  MDA-MB  231  cells.  The  dose- 
response  curve  on  PTN  mRNA  levels  and  on  protein  levels  is  shown  in  the  figure  on  the  next  page 
and  shows  complete  downregulation  of  the  mRNA  and  protein  by  dexamethasone  with  a  half- 
maximally  effective  concentration  of  3  nM.  Based  on  this,  this  downregulation  appears  to  be 
receptor-mediated. 

The  treatment  with  dexamethasone  was  for  five  days  and  we  cannot  judge  whether  the  down- 
regulation  is  a  direct  effect  on  transcriptional  or  posttranscriptional  regulation  of  PTN.  We  are 
currently  running  time-response  curves  with  0.1  pM  of  dexamethasone. 

Dexamethasone  experiments  are  ongoing  with  the  other  PTN-positive  human  breast  cancer  cells 
mentioned  above  to  assess  whether  the  dexamethasone  effect  is  a  more  general  phenomenon  or 
only  apparent  in  the  MDA-MB  231  cells. 

Sex  steroids:  Experiments  with  the  MCF-7/ADR  and  T-47D/Co  cells  are  ongoing. 

Conclusion:  We  judge  that  the  downregulation  of  PTN  by  dexamethasone  is  a  particularly 
exciting  result  since  we  now  have  two  defined  hormonal  pathways  that  can  regulate  this  gene 
product  either  up  (retinoic  acid)  or  down  (dexamethasone)  and  interaction  studies  between  the  two 
hormones  will  be  worthwhile  in  MDA-MB  231  cells. 


page  6 


PTN  mRNA  (arbitrary  units) 


Grant  No.  DAMD  17-94-J-4445 


Figure  1 
Dexamethasone  (pM) 


_  Dose  Response  of  Dexamethasone  on  PTN  mRNA  and  Protein  in  MDA  MB  23 1  Human  Breast 
Cancer  Cells  in  vitro. 

MDA  MB  231  cells  were  treated  with  dexamethasone  at  the  concentration  indicated  for  five  days.  On  day 
four,  media  was  exchanged  for  fresh  media  containing  dexamethasone.  On  day  five  cells  and  conditioned 
media  were  collected.  PTN  mRNA  was  detected  by  Northern  analysis  and  PTN  protein  was  analyzed  by  slot 
blot.  The  data  from  one  representative  experiment  is  shown  along  with  the  corresponding  background  on  the 
Northern,  as  well  as  the  slot  blot.  Values  in  arbitrary  units  of  densitometry. 


2.  Transfection  of  PTN  into  PTN  positive  cells 

We  transfected  MDA-MB  231  cells  (PTN-positive  and  estrogen-independent)  with  an 
expression  vector  for  PTN  for  future  in  vivo  studies  planned  with  retinoids  and  dexamethasone. 
To  date  only  few  drug-resistant  clones  grew  up  and  initial  test  show  that  they  do  not  express  the 
transfected  gene  at  high  levels.  We  plan  to  repeat  the  transfection  and  selection  with  different 
transfection  methods. 

3.  In  vivo  studies 

No  in  vivo  studies  have  been  initiated  yet. 

Problems  &  solutions: 

We  had  problems  .obtaining  sufficient  numbers  of  clones  from  MDA-MB  23 1  cell  lines  after 
transfection  with  a  drug  resistance  gene  (G-418).  We  will  repeat  the  transfections  with  different 
methods  of  gene  transfer. 

Next  steps: 

The  next  steps  include  studying  effects  of  retinoic  acid  and  dexamethasone  on  the  two  other 
PTN-positive  breast  cancer  cell  lines,  running  time  courses  of  the  action  as  well  as  interaction 
studies  of  the  hormones.  Furthermore,  the  sex  steroid  studies  will  be  brought  to  a  conclusion. 
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Specific  Aim  (2): 

To  study  the  effect  of  expression  of  PTN  on  the  malignant  phenotype  of  PTN- 
negative  breast  cancer  cells. 

Background: 

Hormones  and  growth  factors  define  the  capacity  of  human  breast  cancer  to  grow  and 
ultimately  to  metastasize.  One  of  the  essential  requirements  for  the  development  of  breast  cancer  are 
circulating  steroid  hormones  and  one  of  the  most  widely  used  drug  therapies  of  breast  cancer  with 
the  anti-estrogen  tamoxifen  is  based  on  this  fact.  Furthermore,  growth  factor  gene  expression  can 
supplement  for  hormone  stimulation  and  thus  contribute  to  hormone-independent  cancer  growth  as 
well  as  to  resistance  to  anti-hormone  therapy  (reviewed  e.g.  in  [6]). 

Work  accomplished: 

1.  Transfection  of  PTN  into  PTN-negative  breast  cancer  cells: 

We  have  transfected  PTN-negative,  estrogen-dependent  MCF-7  wild-type  and  T-47D  wild-type 
human  breast  cancer  cells  with  an  expression  construct  for  PTN  (see  [2]  and  have  generated  a 
series  of  different  cell  lines  (mass-transfected  and  some  clonal  cell  lines)  expressing  PTN.  We  have 
tested  the  cells  in  vitro  for  their  proliferation  and  colony  forming  abilities  as  well  as  for  expression 
of  PTN  mRNA  and  the  secretion  of  protein. 

A  wide  range  of  expression  levels  of  PTN  was  achieved  in  different  MCF-7 -derived  and  T- 
47D-derived  cell  lines.  No  gross  difference  in  the  in  vitro  phenotype  of  the  cells  was  observed. 
No  significantly  different  proliferation  on  plastic  surface  or  colony  forming  ability  was  found. 
Based  on  the  current  data  we  conclude  that  PTN  is  not  utilized  by  T-47D  or  by  MCF-7  cells  as  an 
autocrine  growth  factor.  However,  these  in  vitro  experiments  need  to  be  expanded  with  hormone 
and  anti-hormone  addition  to  challenge  the  cells. 

Currently,  the  further  in  vitro  analysis  of  these  cell  lines  is  underway  and  we  plan  to  initiate 
animal  tumor  growth  studies  after  completion  of  the  in  vitro  analysis. 

We  have  not  generated  ZR-75  cell  transfectants  yet. 


2.  Animal  studies: 

We  have  not  initiated  animal  studies  since  we  have  not  completed  the  in  vitro  analysis. 


Next  steps: 

We  plan  to  complete  the  in  vitro  analysis  of  the  growth  characteristics  and  hormone  effects  on 
transfected  cells. 
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Background: 

The  secreted  PTN  protein  contains  two  distinct  cysteine-rich  domains  (on  two  separate  exons) 
that  contains  three  and  two  disulfide  bridges  respectively.  Disulfide  bridge  formation  is  required 
for  biological  activity  of  the  protein.  We  hypothesize  that  defined  mutations  will  generate  a  protein 
that  can  still  bind  to  the  receptor  but  will  fail  to  activate  the  receptor  and  can  thus  serve  as  an 
antagonist. 


Work  accomplished: 

We  have  generated  point  mutant  PTNs  that  have  the  N-terminal  or  the  C-terminal  cysteine 
changed  to  a  serine  and  thus  disrupted  disulfide  bridge  formation.  We  tested  the  effects  of  the 
mutant  proteins  in  transfection  assays  using  expression  vectors  for  the  mutant  and  for  wild-type 
PTN  in  PTN-responsive  SW-13  cells  as  indicator  cells  of  activity. 

To  our  astonishment  we  found  that  the  N-  or  C-terminal  cysteine  mutations  affect  the  activity  in 
transient  transfection  assays  only  very  little.  Furthermore,  the  amount  of  protein  secreted  is  not 
decreased  suggesting  that  the  mutant  proteins  are  as  stable  as  the  wild-type  protein.  We  conclude 
from  this  finding  that  the  N-terminal  and  the  C-terminal  disulfide  bridge  are  not  essential  for 
stability  and  activity  of  the  protein  when  only  one  of  them  is  destroyed.  We  decided  to  go  ahead 
with  double  mutants  that  will  mutate  both  disulfide  bridges  at  the  same  time.  Characterization  of 
these  constructs  is  ongoing. 


Problems  and  solutions 

We  produced  recombinant  wild-type  and  mutant  protein  from  supernatants  of  COS -7  cells  for 
further  analysis.  However,  we  found  that  the  wild-type  protein  shows  very  little  if  any  activity 
most  likely  due  to  improper  processing  in  the  cells  and  we  reverted  to  the  production  of  wild-type 
and  mutant  proteins  in  SW-13  cells  in  which  we  can  test  the  activity  at  the  same  time. 


Next  steps 

We  will  test  the  stability  and  activity  of  the  double-cysteine  mutant  protein  in  transient 
transfection  assays  and  plan  to  delete  and  replace  the  cysteine-rich  domains  in  the  next  round  of 
vector  generation. 


page  9 


Grant  No.  DAMD  17-94-J-4445 


Specific  Aim  4: 

To  inhibit  production  of  PTN  by  antisense  (AS)  and  ribozyme  (RZ)  constructs 
and  to  develop  antisense  oligonucleotides  as  novel  drugs  for  breast  cancer 
therapy. 

Background 

We  planned  to  use  three  independent  approaches  to  target  PTN  mRNA  and  thus  reduce  the 
amount  of  PTN  produced  by  PTN-positive  breast  cancer  cells: 

1.  antisense  oligonucleotides 

2.  antisense  constructs 

3.  ribozyme  constructs 


Work  accomplished 

la.  antisense  oligonucleotides  in  vitro 

We  selected  phosphorothioate-antisense  oligonucleotides  that  are  targeted  to  the  PTN  open 
reading  frame.  We  used  SW-13/PTN-transfected  cells  as  our  model  [2]  to  assess  the  efficacy  and 
specificity  of  the  approach.  The  figure  below  shows  the  dose-response  of  solvent  (control), 
scrambled  and  antisense  oligonucleotides  in  these  cells.  As  a  read-out  we  used  their  colony 
formation  in  soft  agar  since  we  had  established  that  earlier  as  a  specific  effect  of  PTN  transfection 
into  the  cells. 

As  the  data  in  the  figure  on  the  next  page  show,  an  approximately  3-fold  selectivity  between 
toxic  effects  by  the  scrambled  oligonucleotide  and  specific  effects  of  the  antisense  oligonucleotide 
can  be  achieved.  This  was  confirmed  by  PTN  protein  assay  of  the  cell  supernatants  (not  shown). 
This  was  somewhat  disappointing  since  we  had  hoped  for  higher  selectivities  of  the  compounds. 


lb.  treatment  with  antisense  oligonucleotides  in  vitro  and  in  vivo 
measurement  of  the  effect  on  tumor  growth 

•  Although  the  selectivity  of  the  antisense  oligonucleotides  was  not  very  encouraging,  we  decided 
to  run  a  pilot  study  to  assess  whether  we  could  prove  an  effect  of  the  treatment  in  vitro  on  tumor 
formation  in  vivo.  We  found  that  a  single  pretreatment  of  SW-13/PTN  cells  with  the  antisense 
oligonucleotides  in  vitro  and  subsequent  wash-out  of  the  oligonucleotides  kept  the  PTN  protein 
down  for  approximately  one  week.  After  that  the  cells  would  have  eliminated  the  oligonucleotides 
and  resume  production  of  the  PTN  protein.  We  hypothesized  that  a  pretreatment  of  cells  with 
antisense  oligonucleotides  in  vitro  and  subsequent  inoculation  of  tumor  cells  into  animals  would 
thus  generate  a  delay  of  tumor  growth  for  approximately  one  week,  if  PTN  was  a  rate-limiting 
factor  for  tumor  growth.  If  PTN  was  not  rate-limiting  no  effect  would  be  seen.  Also,  if  the  tumors 
grew  very  slowly,  the  effect  would  be  difficult  to  prove  due  to  the  scatter  observed  during  initial 
tumor  growth  of  xenografted  cells.  With  this  in  mind,  we  opted  to  run  a  pilot  study  with  a  tumor 
cell  line  that  expressed  high  levels  of  PTN  and  forms  detectable  tumors  in  athymic  nude  mice 
within  a  few  days  after  inoculation.  The  data  from  this  experiment  are  shown  in  the  figure  two 
pages. 

We  interpret  the  data  to  mean  that  the  anti-sense  oligonucleotide  pretreatment  works  and  that 
PTN  is  rate-limiting  for  tumor  growth  of  these  cells  in  animals.  We  are  considering  a  similar 
experiment  with  PTN-positive  breast  cancer  cells.  One  way  to  circumvent  the  slow  onset  of  growth 
into  tumors  of  these  cells,  we  plan  to  use  a  high  initial  tumor  cell  load  for  inoculation. 
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Colony  formation  in  soft  agar  of  transfectant  SW-13/PTN  cells 

□  No  Oligo  Q  Scrambled  B  Antisense 

125%- 

100%  - 

75%  “ 

50%  “ 

25%  - 

o%-- 

3  |xM  10  nM  30  |iM 

oligo  concentration 

Figure  2 


Effect  of  oligonucleotides  on  PTN-transfected  SW-13  cells:  Colony 
formation  in  soft  agar  of  antisense-treated  transfectant  SW-13/PTN  cells. 
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Tumor  Formation  in  Athymic  Nude  Mice 


days  after  xenograft 

Figure  3 

Effect  of  oligonucleotides  on  1205-LU  melanoma  cell  tumor  growth  in 
athymic  nude  mice:  1 205-LU  melanoma  cells  were  injected  subcutaneously 
into  nude  mice  after  pretreatment  with  oligonucleotides  for  72  hours. 
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2.  antisense  constructs;  measurement  of  the  effect  on  tumor  growth 

In  addition  to  antisense  oligonucleotides,  we  proposed  to  generate  different  antisense  constructs 
to  target  PTN.  Five  sequences  ranging  in  length  from  103  to  509  nucleotides,  chosen  to  overlap 
with  the  PTN  regions  previously  targeted  by  the  antisense  oligonucleotides,  were  amplified  by 
PCR  from  the  pleiotrophin  open  reading  frame  using  the  pRc-CMV/PTN  plasmid  [2]  as  a  template. 
The  amplified  fragments,  as  described  in  Table  1  below  were  denoted  ptnASl  (108  nt),  ptnAS2 
(252  nt),  ptnAS3  (103  nt),  ptnAS4  (277  nt)  and  ptnAS5  (509  nt ).  They  were  verified  for  size  by 
agarose  gel  electrophoresis.  A  sufficient  yield  of  all  five  fragments  was  obtained  after  PCR. 

Table  Is 

DNA  fragments  amplified  from  the  PTN  open  reading  frame  used  to  construct  antisense 
vectors: 


Fragment 

5'  short 

Abbreviation 

Region 

Length  Infs') 

AS1 

-12  to  +96 

108 

5'  long 

AS2 

-12  to  +240 

252 

3'  short 

AS3 

+395  to  +497 

103 

3' long 

AS4 

+221  to  +497 

277 

Largest 

AS5 

-12  to  +497 

509 

The  fragments  were  then  each  ligated  into  a  cloning  vector,  amplified  in  E.  Coli,  selected  for 
transformed  clones  and  further  selected  for  clones  which  contained  antisense  orientation  DNA 
fragments.  This  multi-step  process  yielded  four  of  the  five  targeted  antisense  vector  clones,  but 
did  not  yield  ptnAS4.  This  was  because  during  this  procedure  the  yields  of  ptnAS4  (3'  long 
fragment)  were  diminished  enough  at  certain  steps  such  that  further  generation  of  any  ptnAS4 
plasmids  was  undermined.  The  four  remaining  antisense  fragments  were  subsequently  excised 
from  the  cloning  vector  using  the  restriction  enzymes  HindlH  and  Xbal,  low-melting  agarose  gel- 
purified,  subcloned  into  the  pRc/CMV  vector,  and  sequenced.  As  verifed  by  sequencing  on  6% 
PAGE,  four  constructs  (ptnASl,  ptnAS2,  ptnAS3  and  ptnAS5)  contained  intact  and  proper 
antisense  regions  at  the  cloning  site. 

After  eventual  propagation  in  bacteria  and  preparation  of  plasmids,  antisense  vectors  pRc- 
CMV/AS1  (containing  ptnASl)  and  pRc-CMV/AS3  (containing  ptnAS3)  were  obtained  in 
sufficient  quantities  for  transfection  into  the  model  cell  line  used  in  the  in  vitro  /  in  vivo 
experiment  above.  Antisense  vectors  pRc-CMV/AS2  (containing  ptnAS2)  and  pRc-CMV/AS5 
(containing  ptnAS5)  were  not  obtained  in  as  high  yields  as  the  aforementioned  two  and  were 
frozen  for  potential  future  studies.  The  two  antisense  vectors  (ptnASl  and  ptnAS3)  cover  the 
translation  initiation  site  (AUG)  and  a  putative  loop-forming  region  in  the  3'  open-reading  frame  of 
PTN.  Additionally,  each  of  these  vectors  respectively  coincides  with  the  PTN  regions  targeted  by 
antisense  oligonucleotides  and  ribozymes  which  proved  to  be  effective  in  independent  studies 
presented  above  and  discussed  further  below. 

We  conclude  from  the  data  shown  below,  that  antisense  transfection  is  effective  in  this  model  of 
tumor  growth.  However,  the  effect  on  tumor  growth  is  only  partial.  This  could  mean  a  lack  of 
efficacy  of  the  antisense  transfection  or  that  PTN  is  not  the  rate-limiting  growth  factor  in  vivo  for 
this  tumor  cell  line.  Other  independent  studies  with  ribozymes  in  this  cell  line  (unpublished  data) 
suggest  that  PTN  is  the  rate-limiting  factor  for  this  tumor  cell  line  and  we  conclude  from  that  on  the 
lack  of  full  efficacy  of  the  antisense  transfection  studies. 
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days  after  xenograft 

Figure  4 

Effect  of  stable  PTN  antisense  transfection  on  1205-LU  cell  tumor  growth  in  athymic  nude 
mice:  1205-LU  control,  1205-LU/AS1  and  1205-LU/AS3  melanoma  cells  were  injected 
subcutaneously  into  athymic  nude  mice.  Tumor  size  data  from  the  antisense-transfected  tumors 
were  pooled,  since  they  did  not  show  any  difference  in  growth  rates. 


3.  ribozyme  targeting  of  PTN 

We  have  completed  the  generation  and  testing  of  different  ribozyme  constructs  that  can  inhibit 
PTN  production  in  a  model  melanoma  cell  line.  This  work  was  completed  early  in  1994  and 
published  in  Aug.  94  before  the  initiation  of  this  award  in  J.  Biol  Chem.  [7].The  data  relevant  for 
our  experiments  in  breast  cancer  under  this  award  are  discussed  and  shown  below. 

The  principle  of  ribozyme-targeting  is  that  an  RNA-derived  RNase  (the  ribozyme)  is  targeted  to 
a  specific  region  in  the  gene  transcript  of  interest.  This  is  achieved  by  generating  a  catalytic  core 
structure  of  the  ribozyme  and  by  targeting  it  to  a  defined  substrate  by  virtue  of  anti-sense  flanking 
sequences  on  either  side  of  the  catalytic  core.  These  ribozymes  contain  the  same,  hammerhead 
structure  that  is  derived  from  the  original  Haseloff-Gerlach  ribozyme  [8]  and  was  modified  and 
minimized  to  a  22  nucleotide  catalytic  center  based  on  the  mutational  analysis  that  had  shown  the 
essential  elements  for  a  catalytically  active  RNA  [9].  As  illustrated  for  our  Rz261  (see  Fig.  1)  the 
molecule  should  form  three  double  helices  ("hammerhead")  which  meet  at  the  targeted  cleavage 
site.  In  addition,  two  stretches  of  nucleotides  with  the  sequences  5'-CUGAXGA  and  5'-GAAA 
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(X  is  either  A,  U  or  C)  are  required  for  the  catalytic  activity.  The  cleavage  is  directed  to  a  specific 
site  in  the  targeted  RNA  by  two  stretches  of  8  to  12  nucleotides  each  that  flank  the  catalytic  center 
on  its  3'-  and  5'-side.  These  flanking  sequences  hybridize  with  the  targeted  RNA  by  Watson-Crick 
base  pairing  (reviewed  in  ref.[10]).  The  catalytic  activity  of  an  active  ribozyme  and  of  a  point- 
mutant  ribozyme  is  shown  in  Fig.  2. 

We  inactivated  the  PTN  gene  by  transfections  with  different  hammerhead  ribozyme  constructs 
as  described  above  (see  also  Refs.  [8,10,11])  and  studied  the  resulting  phenotype  of  cells.  In  a 
PTN-responsive  cell  line  (SW-13  [1,2]),  co-transfection  of  PTN  and  of  ribozymes  specifically 
prevented  the  PTN-induced  growth  of  the  cells  (published  in  [7]).  A  catalytically  inactive,  point- 
mutant  ribozyme  [9,12]  was  inactive  in  this  assay.  In  human  melanoma  cells  that  constitutively 
express  high  levels  of  PTN  mRNA,  stable  transfection  with  PTN-targeted  ribozymes  quenched 
production  of  PTN,  inhibited  colony  formation  of  the  melanoma  cells  in  soft  agar  and  prevent  their 
growth  into  tumors  in  athymic  nude  mice  [7]). 

These  data  indicate  that  ribozymes  are  excellent  tools  to  pinpoint  the  role  of  PTN.  They  will  be 
extremely  useful  in  our  studies  on  PTN  expressed  in  breast  cancer  cells. 
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Figure  5 


Predicted  structure  of  hammerhead  ribozymes  used  in  our  studies  and  the  predicted 
hybridization  with  the  targeted  sequence  in  PTN  flanking  nucleotide  #261  downstream  of 
translation  initiation  of  PTN.  Details  published  in  Ref.  [7], 
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Figure  6 


/n  vitro  cleavage  of  a  labelled  PTN  molecule  by  different  ribozymes  (Rz).  Left  panel:  PTN  was 
incubated  for  the  indicated  times  alone  (lanes  1,4,7)  or  together  with  mutant  Rz261  that  is 
inact  ive  (lanes  2,5,8)  or  wild-type  Rz261  that  is  active  (lanes  3,6,9)  and  the  products  separated 
on  a  sequencing  gel  and  autoradiographed.  Right  panel:  PTN  was  incubated  with  the  active  Rz  66 
for  the  indicated  times.  Details  in  Ref.  [7]}. 


Problems  and  solutions 

The  initial  studies  with  antisense  oligonucleotides  were  disappointing  with  respect  to  the  low 
selectivity  of  the  compounds.  The  antisense  transfections  were  not  fully  effective  in  a  model  that 
showed  full  effect  of  ribozyme-targeting.  On  the  other  hand  the  experience  with  the  ribozyme 
targeting  is  very  encouraging  for  the  studies  in  breast  cancer.  We  have  initiated  transfections  of 
MDA-MB  23 1  cells  (PTN-positive  breast  cancer  cells).  In  a  first  series  of  experiments  the 
expression  levels  for  the  ribozymes  seemed  to  have  been  too  low.  We  will  repeat  this  part  of  the 
experiments  and  perhaps  pick  clonal  cell  lines. 

Next  steps 

Transfections  of  PTN-positive  human  breast  cancer  cells  with  PTN-targeted  ribozymes  are 
planned  as  a  next  round  of  experiments. 
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CONCLUSIONS 

We  studied  the  effect  of  different  hormones  on  pleiotrophin  (PTN)  expression  in  estrogen- 
independent,  PTN-positive  breast  cancer  cells.  We  found  that  retinoic  acid  upregulates  and 
dexamethasone  downregulates  PTN  mRNA.  In  addition  we  expressed  the  PTN  cDNA  in  PTN- 
negative  breast  cancer  cells  and  did  not  find  a  phenotypic  change  in  vitro.  Furthermore,  we  generated 
different  single  cysteine-targeting  mutations  in  the  PTN  protein  and  found  that  the  activity  of  the 
protein  was  not  affected  by  a  single  change  in  a  disulfide  bridge.  Finally,  we  assessed  the  effects  of 
antisense  oligonucleotides,  antisense  mRNA  and  of  ribozymes  on  the  phenotype  of  PTN-dependent 
model  cell  lines.  We  found  that  antisense  oligonucleotides  can  inhibit  PTN  expression  in  PTN- 
positive  cells  and  can  slow  the  initial  growth  of  a  PTN-positive  cell  line  in  a  xenograft  model. 
However,  the  selectivity  of  the  antisense  oligonucleotides  was  only  small  (3-fold).  Furthermore,  we 
found  that  antisense  transcripts  can  inhibit  PTN  expression  and  slow  tumor  growth  by  approximately 
50%  of  a  PTN-dependent  model  cell  line  in  the  athymic  nude  mouse  model.  Finally,  we  generated 
specific,  PTN-targeted  ribozymes  that  can  reduce  PTN  mRNA  in  PTN-positive  cells  with  high 
efficacy.  The  growth  phenotype  of  a  PTN-dependent  model  cell  line  was  changed  by  the  ribozyme 
targeting. 

In  conclusion,  we  have  generated  a  number  of  initial  data  and  a  series  of  molecular  tools  for  our 
subsequent  studies.  We  believe  that  the  research  has  gone  at  a  good  pace  and  that  some  of  the  data 
will  be  submitted  for  publication  in  the  second  year  of  the  award. 
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